NMDA receptors are important for the acquisition, reconsolidation, and extinction of memories. NMDA receptor antagonists impair these memory processes, whereas the partial agonist D-cycloserine (DCS) potentiates both learning and extinction. Here, we used DCS and the noncompetitive NMDA receptor antagonist (ϩ)-5-methyl-10,11-dihydro-SH-dibenzo[a,d]cyclohepten-5,10-imine maleate (MK-801) to investigate the effects of enhancing and blocking NMDA receptor-mediated glutamatergic transmission on the reconsolidation and extinction of a conditioned fear memory. Either long extinction training or short memory reactivation sessions were used to preferentially engage extinction and reconsolidation processes, respectively. MK-801 blocked extinction to maintain high levels of conditioned freezing, and DCS potentiated extinction to reduce freezing, when they were administered before a long extinction training session. However, the opposite behavioral outcome was observed when the brief memory reactivation session was used: MK-801 administration impaired, whereas DCS increased, freezing, likely reflecting impairment and enhancement of reconsolidation, respectively. Finally, by using localized intracerebral infusions, we showed that the basolateral amygdala is a primary locus of action of systemically administered DCS. Thus, intrabasolateral amygdala DCS potentiated both the extinction and the reconsolidation of fear conditioning, depending on the length of the extinction/memory reactivation session. Therefore, memory reconsolidation can be both disrupted and enhanced, and extinction can be both potentiated and impaired, either to reduce or increase conditioned fear. These results have important implications for the use of reconsolidation blockade and potentiation of extinction as treatment strategies for maladaptive memory disorders.
Introduction
Fear conditioning involves the pairing of a previously neutral environmental stimulus, or conditioned stimulus (CS), with an aversive outcome, or unconditioned stimulus (US), as a result of which the CS becomes associated with the US. Subsequent presentations of that CS elicit characteristic fear responses, including conditioned freezing (Blanchard and Blanchard, 1969; Bolles, 1970; Fanselow, 1994) . The basolateral amygdala (BLA) is a primary locus of the memory for aversive CS-US associations (Fendt and Fanselow, 1999; LeDoux, 2000; Maren, 2001) , and NMDA receptors in the BLA are required for the acquisition of fear conditioning, as demonstrated by studies showing that intraamygdala infusions of NMDA receptor antagonists block the learning of conditioned fear (Campeau et al., 1992; Rodrigues et al., 2001; Goosens and Maren, 2004) .
The expression of fear memories can be diminished using two approaches. First, extinction training involves repeated nonreinforced re-exposure to the CS and results in a new memory being formed (CS-no US), and so the fear response to the CS is subsequently attenuated (Bouton and Bolles, 1979; Rescorla, 2001) . Secondly, the reconsolidation of a previously acquired fear memory, which is required to restabilize the memory after its reactivation through retrieval or CS re-exposure (Nader, 2003; Dudai, 2004; Alberini, 2005) , can be disrupted to impair later fear memory expression (Nader et al., 2000; Eisenberg et al., 2003; Lee et al., 2004) . Interestingly, the NMDA receptor has been implicated in both extinction and reconsolidation processes. Extinction of conditioned fear is blocked by both systemic and intra-amygdala administration of NMDA receptor antagonists (Falls et al., 1992; Baker and Azorlosa, 1996; Lee and Kim, 1998) , whereas it is enhanced by the NMDA receptor partial agonist DCS when administered both systemically and directly into the amygdala (Walker et al., 2002; Ledgerwood et al., 2003) . Similarly, the reconsolidation of contextual fear, and spatial and odor-reward memories is impaired by NMDA receptor antagonists (Przybyslawski and Sara, 1997; Suzuki et al., 2004; Torras-Garcia et al., 2005) . Therefore, NMDA receptor blockade can both impair extinction to maintain conditioned fear and disrupt reconsolidation to reduce conditioned fear.
A critical parameter that determines whether amnestic treatment will block reconsolidation or extinction is the length of the memory reactivation and extinction training sessions (Eisenberg et al., 2003; Pedreira and Maldonado, 2003; Suzuki et al., 2004) . When the session is brief, reconsolidation processes are dominant, whereas longer sessions induce extinction mechanisms (Eisenberg et al., 2003) . Thus, the opposing effects of NMDA receptor blockade on conditioned fear likely depend on the number of re-exposures to the CS that are presented during the memory reactivation and extinction sessions. Here, we used the noncompetitive NMDA receptor antagonist (ϩ)-5-methyl-10,11-dihydro-SH-dibenzo [a,d] cyclohepten-5,10-imine maleate (MK-801), administered systemically, to determine whether the effects of NMDA receptor blockade on conditioned fear do indeed depend on the length of the CS re-exposure session. Furthermore, using systemic and intra-BLA administration of DCS, we tested the prediction that DCS should potentiate extinction when administered before many CS re-exposures as observed previously (Walker et al., 2002; Ledgerwood et al., 2003) , but that it should potentiate the reconsolidation of fear memories, and thereby enhance conditioned fear measured subsequently, when administered before a brief memory reactivation session.
Materials and Methods

Subjects
The subjects were 97 adult male Lister hooded rats weighing 250 -300 g. They were housed in pairs, in holding rooms maintained at 21°C on a reversed-light cycle (12 h light/dark; lights on at 7:00 P.M.). Food and water were freely available throughout the experiment. All procedures were conducted in accordance with the United Kingdom 1986 Animals (Scientific Procedures) Act (project license PPL 80/1767).
Drug administration
D-Cycloserine and MK-801 (Sigma, Poole, UK) were both dissolved in saline for intraperitoneal injection (1 ml/kg). The dose of DCS selected (15 mg/kg) has been established previously to facilitate the extinction of conditioned fear memories (Walker et al., 2002; Ledgerwood et al., 2003) , and the dose of MK-801 (0.1 mg/kg) both impaired the extinction of fear conditioning (Baker and Azorlosa, 1996) and was higher than that required previously to disrupt the reconsolidation of a spatial memory (0.05 mg/kg) (Przybyslawski and Sara, 1997) .
Surgery and infusions
Thirty-three rats were implanted with bilateral chronic indwelling guide cannulas targeting the BLA. The coordinates for cannula implantation were as follows (relative to bregma): anteroposterior, Ϫ2.6; mediolateral, Ϯ4.5; dorsoventral, Ϫ5.6 (from dura). Details of the stereotaxic surgical procedures have been described previously (Lee et al., 2004) . A minimum of 7 d was allowed before behavioral training and testing began.
Infusions were performed using a syringe pump, connected to injectors (28 gauge, projecting 2 mm beyond the guide cannulas) by polyethylene tubing. DCS (10 g/0.5 l/side; 0.25 l/min) was infused 20 min before the session, and the sterile PBS vehicle was used for control infusions.
Histology
After completion of behavioral testing, the rats were perfused and their brains cut to produce 60 m coronal sections, which were stained with cresyl violet. Assessment was conducted under light microscopy, and subjects were only included in the statistical analysis if the injectors were located bilaterally within the BLA, and there was no bilateral damage to the amygdala or any other area of the brain.
Behavioral procedures
Fear conditioning. Fear conditioning took place in four operant chambers as described previously (Lee et al., 2005) . On the day before fear conditioning, all rats were habituated to the chambers for 2 h. For fear conditioning, rats were placed again in the operant chambers, and after 30 min were exposed to two CS-US pairings [5 Ϯ 1 min interstimulus interval (ISI)]. The CS was an auditory clicker (10 Hz, 80 dB, 60 s) and the US a mild electric footshock (0.5 mA, 0.5 s). Additional groups of rats were fear conditioned using a single CS-US pairing to avoid any ceiling effects.
Memory reactivation and extinction training. On the next day, the rats were administered with DCS or MK-801 30 min before fear memory reactivation or extinction as established previously (Baker and Azorlosa, 1996; Walker et al., 2002) . Memory reactivation for the reconsolidation condition consisted of a brief 2 min session in which the rats were exposed to a single presentation of the 60 s CS after 60 s. In contrast, extinction training involved 10 presentations of the 60 s CS in a 20 min session (60 s ISI). Behavior was video-recorded during the first CS presentation of each session and subsequently analyzed for freezing, defined as the lack of movement except for breathing, at 5 s intervals to give the percentage time freezing during the CS. Additional groups of rats (conditioned with a single CS-US pairing) received injections of saline, MK-801, or DCS, but were not exposed to the CS or the experimental context.
Fear memory testing. Conditioned freezing was tested in 2 min sessions with a single presentation of the 60 s CS after 60 s. Testing took place 24 h after extinction training, and 3 h [post-reactivation short-term memory (PR-STM)], 24 h [post-reactivation long-term memory (PR-LTM)], and 7 d (PR-LTM2) after memory reactivation for the reconsolidation condition. Behavior was video-recorded during all tests for the subsequent analysis of freezing.
Intra-amygdala infusion of D-cycloserine. For the intra-amygdala study, cannulated rats were conditioned with one CS-US pairing for the memory reactivation condition and five pairings for the extinction condition, in order that the levels of conditioning were similar to those in the systemic drug administration study, because chronic cannulation of the BLA tends to attenuate the expression of conditioned freezing (Fendt, 2001) . These rats were infused with DCS or PBS 20 min before exposure to the brief memory reactivation or extinction session, and were tested for conditioned freezing as in the systemic drug administration study.
Statistical analysis
Data are presented as mean Ϯ SEM percentage time freezing. Two-or three-way repeated-measures ANOVAs were performed on the data with factors treatment (MK-801 and/or DCS), condition, and test as appropriate. Planned comparisons included MK-801 versus saline and DCS versus saline for both PR-STM versus PR-LTM and PR-STM versus PR-LTM2. Tukey's test was selected for post hoc analyses, and a significance level of p Ͻ 0.05 was selected for all analyses.
Results
Reconsolidation
The effects of pre-reactivation MK-801 and DCS administration on subsequent conditioned freezing are shown in Figure 1a . MK-801 injection resulted in an acute impairment in the expression of conditioned freezing during memory reactivation. ANOVA revealed a significant effect of treatment at the LTM memory reactivation session (F (2,21) ϭ 9.11; p Ͻ 0.01), and post hoc analysis ( p Ͻ 0.05) revealed that the MK-801-, but not the DCS-treated rats were significantly impaired relative to saline injected controls. However, the acute effect of MK-801 was short-lived, as conditioned freezing 3 h later (PR-STM) did not differ between groups (F Ͻ1).
Subsequently, MK-801 treated rats were impaired, whereas DCS treated rats showed elevated levels of freezing, compared with saline controls. ANOVA revealed a significant overall treatment by test (PR-STM vs PR-LTM vs PR-LTM2) interaction (F (4,42) ϭ 11.54; p Ͻ 0.01). When PR-STM was compared with PR-LTM, there were both significant MK-801 by test (F (1,14) ϭ 6.43; p Ͻ 0.03) and DCS by test (F (1,14) ϭ 15.89; p Ͻ 0.01) interactions. Furthermore, when PR-STM was compared with PR-LTM2, there were again significant MK-801 by test (F (1,14) ϭ 5.65; p Ͻ 0.04) and DCS by test (F (1,14) ϭ 7.33; p Ͻ 0.02) interactions. Therefore, whereas MK-801 impaired reconsolidation after brief memory reactivation, DCS had the opposite effect, attenuating the progressive diminution of conditioned freezing that is usually observed in control rats during repeated testing.
Additional groups of rats were conditioned using a single CS-US pairing, which resulted in lower levels of conditioned freezing in control rats. Under these conditions, DCS adminis-tered at the time of CS re-exposure elevated subsequent conditioned freezing (Fig. 1c) . ANOVA revealed a significant overall DCS by test interaction (F (3,42) ϭ 18.22; p Ͻ 0.01), as well as significant DCS by test interactions when PR-STM was compared with PR-LTM (F (1, 14) ϭ 53.04; p Ͻ 0.01) and with PR-LTM2 (F (1, 14) ϭ 16.84; p Ͻ 0.01). Importantly, whereas conditioned freezing in control rats diminished with repeated testing (F (3,21) ϭ 15.40; p Ͻ 0.01), freezing levels increased after DCS treatment (F (3,21) ϭ 9.65; p Ͻ 0.01). Therefore, DCS potentiated fear memory reconsolidation to elevate conditioned freezing measured subsequently during CS presentations.
Extinction
The effects of MK-801 and DCS administration before an extinction training session on subsequent conditioned freezing are shown in Figure 1b . MK-801 injection again resulted in an acute impairment in the expression of conditioned freezing during memory extinction. ANOVA revealed a significant effect of treatment at the extinction training session (F (2,21) ϭ 11.03; p Ͻ 0.01), and post hoc analysis ( p Ͻ 0.05) revealed that the MK-801-, but not the DCS-treated rats were significantly impaired relative to saline-injected controls.
Subsequently at test, MK-801-treated rats showed elevated, and DCS-treated rats reduced, levels of freezing compared with saline controls. ANOVA revealed a significant effect of treatment (F (2,21) ϭ 23.83; p Ͻ 0.01), and post hoc analysis ( p Ͻ 0.05) revealed that both the MK-801 and DCS groups differed from the saline group and from each other. Therefore, MK-801 impaired, and DCS potentiated, the extinction of conditioned fear after extended CS re-exposure.
Rats injected with DCS or MK-801, but not exposed to the memory reactivation or extinction sessions froze at the same level as saline treated controls (Fig. 1d) . ANOVA revealed no effect of treatment on freezing levels 24 h after injection (F Ͻ 1). Thus, the fear memory is fully consolidated 24 h after acquisition, and the previously observed effects of MK-801 and DCS injection to increase or decrease subsequent freezing are dependent on the stimulus re-exposure during the memory reactivation and extinction sessions.
Intra-amygdala D-cycloserine
All rats included in the behavioral analyses had cannulas placed bilaterally in the BLA (Fig. 2) . The effect of intra-BLA infusion of DCS before brief re-exposure is shown in Figure 3a . ANOVA revealed a significant overall DCS by test interaction (F (3,42) ϭ 13.20; p Ͻ 0.01). Whereas there was no difference between the groups during the LTM reactivation and PR-STM sessions (FϽ1), analysis of PR-STM and PR-LTM tests revealed a significant DCS by test inter- Effects of systemically applied MK-801 and DCS on conditioned freezing. a, When administered before brief memory reactivation (LTM; 1 CS re-exposure), MK-801 had no effect on freezing 3 h later (PR-STM) but reduced subsequent freezing relative to saline controls both 24 h (PR-LTM) and 7 d (PR-LTM2) later. In contrast, DCS attenuated the normal decrement in freezing observed in saline controls in tests PR-LTM and PR-LTM2, although having no effect either acutely or on PR-STM. b, When administered before longer extinction training (extinction; 10 CS re-exposures), MK-801 preserved subsequent freezing, whereas DCS enhanced the partial reduction of freezing observed in saline controls. MK-801 also acutely impaired the expression of conditioned freezing in both conditions (n ϭ 8 per group). c, When fear conditioning was weaker, DCS administration before brief memory reactivation elevated freezing 24 h and 7 d later (n ϭ 8 per group). d, When MK-801 and DCS were administered without memory reactivation or extinction training, there was no effect on freezing 24 h later (n ϭ 8 per group). Error bars indicate SE. (Paxinos and Watson, 1998) . All rats included in the statistical analyses had injectors placed bilaterally in the BLA. PBS-infused rats are represented by filled circles, and DCS-infused rats are represented by crosses, for the brief memory reactivation (a) and longer extinction (b) conditions. action (F (1,14) ϭ 41.48; p Ͻ 0.01), with no main effect of DCS (F (1,14) ϭ 1.31; p Ͼ 0.27), and comparison of PR-STM and PR-LTM2 also revealed a significant DCS by test interaction (F (1,14) ϭ 28.74; p Ͻ 0.01) with no main effect of DCS (F (1,14) ϭ 3.49; p Ͼ 0.08). Moreover, analysis of the DCS-infused group alone demonstrated that freezing levels were significantly increased at tests PR-LTM and PR-LTM2 compared with PR-STM ( p values Ͻ 0.01). Therefore, pre-reactivation intra-BLA DCS potentiated memory reconsolidation to elevate subsequent freezing levels.
In contrast, when DCS was infused into the BLA before more prolonged CS reexposure, subsequent freezing was reduced compared with PBS infused controls (Fig. 3b) . ANOVA revealed a significant DCS by test interaction (F (1,15) ϭ 5.65; p Ͻ 0.04), with no main effect of DCS (F (1,15) ϭ 1.46; p Ͼ 0.24), and there was no acute effect of DCS on the extinction session (F Ͻ 1). Therefore, whereas controls displayed reduced freezing levels at test compared with during extinction, freezing in DCS-infused rats decreased to a significantly greater extent, demonstrating a potentiation of extinction. An overall analysis of both reactivation conditions (using tests LTM and PR-LTM for the short reactivation condition) revealed a significant DCS by condition by test interaction (F (1,29) ϭ 11.46; p Ͻ 0.01), confirming that the effect of DCS on freezing was dependent on the length of, and therefore the degree of extinction occurring within, the reactivation session.
Discussion
The present results demonstrate that blockade of NMDA receptors by the noncompetitive antagonist MK-801 impairs both the reconsolidation and extinction of conditioned fear memories, depending on the number of CS re-exposures presented during the memory reactivation/extinction session. In contrast, enhancement of NMDA receptor-mediated glutamatergic transmission by DCS potentiates the extinction of conditioned freezing when the CS is re-exposed many times, and also enhances reconsolidation when administered before a single CS presentation. Furthermore, we show that a primary locus of action of DCS is the BLA, because intra-BLA infusions of DCS also potentiate extinction and reconsolidation under different experimental conditions.
Studies of the competition between extinction and reconsolidation have demonstrated that the extent to which memory reactivation also induces extinction has a significant impact on the behavioral effect of amnestic treatment (Eisenberg et al., 2003; Pedreira and Maldonado, 2003; Suzuki et al., 2004) . When stimulus re-exposure during memory reactivation is brief compared with the strength of conditioning, little extinction is induced and so protein synthesis inhibition disrupts the dominant reconsolidation process, resulting in reduced memory expression (Eisenberg et al., 2003; Pedreira and Maldonado, 2003; Suzuki et al., 2004) . In contrast, when the reactivation session induces significant extinction, protein synthesis inhibition impairs the now dominant extinction process, resulting in preserved memory expression. Thus, the effect of protein synthesis inhibition depends critically on the dominant memory process that is engaged at the time of treatment (Eisenberg et al., 2003) . The present experiments revealed an identical pattern of results using systemically administered MK-801 to block both fear memory reconsolidation and extinction. Furthermore, systemic or intra-amygdala DCS, which enhances NMDA receptor-mediated glutamatergic transmission (Rouaud and Billard, 2003) , resulted in the opposite pattern of results, reducing memory expression when infused before a long extinction session, and preserving/elevating memory expression when infused before a short reactivation session. Therefore, DCS potentiated fear memory extinction, as has been demonstrated previously (Walker et al., 2002; Ledgerwood et al., 2003) . Moreover, given that it is highly unlikely that the same infusion of DCS could both enhance and prevent extinction, and that DCS potentiates a range of learning processes (Monahan et al., 1989; Quartermain et al., 1994; Land and Riccio, 1999; Walker et al., 2002; Ledgerwood et al., 2003) , the elevated freezing and lack of extinction after DCS infusion before short memory reactivation likely reflects a potentiation of conditioned fear memory reconsolidation. Reconsolidation and extinction have opposing effects on behavioral output, and so an enhancement of reconsolidation would act against the behavioral impact of extinction. When baseline levels of freezing averaged 65%, DCS protected against extinction, maintaining the already high levels of freezing. However, when a weaker fear conditioning protocol was used, resulting in baseline freezing levels of Ͻ40%, DCS potentiated subsequent freezing to 60%. Thus, the failure to observe an increase in freezing levels in Figure 1a likely reflects a "ceiling effect" as a result of the high baseline levels of freezing.
Reconsolidation enhancement has been observed previously with the use of systemic treatments such as glucose (Rodriguez et al., 1999) and strychnine (Gordon, 1977) , as well as more recently after protein kinase A (PKA) activation in the amygdala (Tronson et al., 2006) . NMDA receptor antagonists impair both extinction (Falls et al., 1992; Lee and Kim, 1998) and reconsolidation (Suzuki et al., 2004; Torras-Garcia et al., 2005) , and so it is not unexpected that DCS potentiates the extinction and reconsolidation of reactivated memories under different circumstances. That the direction of the effects of DCS, as well as MK-801, changes depending on the degree of CS re-exposure is particularly important. Usually, nonreactivated and nonextinguished controls would be necessary to rule out the possibility that agents affect memory directly in a manner that is not dependent on the memory reactivation or extinction session. However, given that MK-801 does not directly affect the expression of conditioned fear 3 h later (PR-STM) (Fig. 1) , and that MK-801 can elevate conditioned freezing when administered before extinction training, its Figure 3 . Effects of DCS infusion into the BLA on conditioned freezing. a, When infused before brief memory reactivation (LTM; 1 CS re-exposure), DCS increased subsequent freezing in tests PR-LTM and PR-LTM2, although it had no effect on PR-STM. b, When administered before longer extinction training (extinction; 10 CS re-exposures), DCS enhanced the partial reduction of freezing observed in saline controls (n ϭ 7-9 per group). Error bars indicate SE.
effects to reduce freezing must be critically dependent on the single CS re-exposure during memory reactivation. In the present study, the nonreactivated/nonextinguished controls further confirm that the administration of MK-801 and DCS does not have any nonspecific effects on subsequent freezing, demonstrating that the fear memory is fully consolidated 1 d after acquisition. Thus, MK-801 disrupted fear memory reconsolidation, and the same logic can be applied to demonstrate that MK-801 impaired extinction. Similarly, because DCS either reduced or enhanced subsequent conditioned freezing when administered before long or short CS re-exposure sessions, and DCS alone has been shown previously not to affect conditioned fear 24 h later (Walker et al., 2002; Ledgerwood et al., 2003) , we can conclude that DCS potentiates both the extinction and reconsolidation of conditioned fear memories.
NMDA receptors have been strongly implicated in mechanisms underlying learning and memory (Riedel et al., 2003) . Not only does blockade of NMDA receptor transmission impair the acquisition of several forms of memory (Morris et al., 1986; Campeau et al., 1992; Burns et al., 1994; Maren et al., 1996; Ferry and Di Scala, 2000; Rodrigues et al., 2001; Goosens and Maren, 2004) and disrupt acutely the expression of previously acquired fear memories (Maren et al., 1996; Fendt, 2001; Lee et al., 2001 ) as observed here, but administration of partial NMDA receptor agonists also enhances learning (Monahan et al., 1989; Thompson et al., 1992; Quartermain et al., 1994; Land and Riccio, 1999) . The extinction of conditioned fear memories, which involves new learning (Bouton and Bolles, 1979; Rescorla, 2001) , has also been shown previously to be impaired by NMDA receptor antagonists (Falls et al., 1992; Baker and Azorlosa, 1996; Lee and Kim, 1998) and potentiated by the partial NMDA receptor agonist DCS (Walker et al., 2002; Ledgerwood et al., 2003) , when these compounds are administered either systemically or directly into the BLA. The present results, using systemic MK-801 to block fear memory extinction and both systemic and intra-BLA DCS to potentiate extinction of conditioned freezing, both reinforce and extend these findings.
There is also previous evidence that NMDA receptors are involved in the reconsolidation of memories after CS re-exposure. Systemic MK-801 and CPP [D(Ϫ)-3-(2-carboxypiperazin-4-yl)-propyl-1-phosphonic acid] impaired the reconsolidation of a spatial memory (Przybyslawski and Sara, 1997 ) and a contextual fear memory (Suzuki et al., 2004) . Furthermore, intracerebroventricular AP-5 disrupted the reconsolidation of an odor-reward association (Torras-Garcia et al., 2005) . Here, we show further that systemic MK-801 also blocked the reconsolidation of a discrete conditioned fear memory. In contrast, systemic administration of DCS before brief CS re-exposure potentiated fear memory reconsolidation. This finding was replicated when DCS was infused directly into the BLA, indicating that the BLA is a primary locus of action of the effects of DCS to enhance reconsolidation. Thus, NMDA receptors in the BLA are important for the reconsolidation of fear memories conditioned to a discrete CS. It can further be hypothesized that the effects of NMDA receptor antagonism/partial agonism may be mediated by PKA, as the present effects on memory reconsolidation are similar to those observed after PKA inhibition and activation (Tronson et al., 2006) .
Reactivation-related protein synthesis-dependent amnesia is generally considered to result from a disruption of reconsolidation (Nader, 2003; Alberini, 2005) . However, it is also possible that the reduction in performance could be explained simply as a potentiation of extinction (Fischer et al., 2004) . Such an explanation has been excluded previously in studies of conditioned fear through the use of reinforced reactivation procedures (Duvarci and Nader, 2004; Eisenberg and Dudai, 2004) . The opposing effects of DCS and MK-801 in the present study after a short memory reactivation session further emphasize the distinction between these processes. If the MK-801 induced reduction in conditioned freezing is indeed a result of potentiated extinction, DCS treatment, which is known to enhance extinction processes (Walker et al., 2002; Ledgerwood et al., 2003) , should have had the same memory-impairing effect, rather than the observed gain of function demonstrated here.
Both reconsolidation blockade and potentiation of extinction have been proposed as potential approaches to the treatment of maladaptive memory disorders such as post-traumatic stress, phobias, and drug addiction (Davis, 2002; Walker et al., 2002; Nader, 2003; Lee et al., 2004 Lee et al., , 2005 Richardson et al., 2004) . The present results indicate that the successful application of such approaches will depend critically on the parameters of reexposure to the CS during memory reactivation or extinction training. When using reconsolidation blockade, if memory reactivation is too extensive, amnestic agents will impair extinction rather than reconsolidation. Furthermore, when attempting to potentiate extinction, if the extinction training is too limited, reconsolidation processes may be preferentially enhanced by drugs such as DCS. Therefore, if the parameters of CS reexposure are not selected carefully, in accordance with the degree of conditioning, there is a great risk that the maladaptive memory will be preserved or even strengthened by attempts to block its reconsolidation or potentiate its extinction. Agents that dissociably potentiate extinction but not reconsolidation, or impair reconsolidation but not extinction may therefore be particularly useful in the treatment of maladaptive memory disorders.
